Forward and backward blocking of taste preference learning was compared in rats. In the forward condition, thirsty rats were exposed to a flavor (A) in sucrose solution (ϩ) or in water (Ϫ), after which they were exposed to A in compound with another flavor (B) in sucrose solution (i.e., ABϩ). In the backward condition, these phases were reversed. Consumption of B alone was assessed when rats were food deprived. In the forward condition, rats given Aϩ consumed less B than rats given AϪ, providing evidence of forward blocking, whereas in the backward condition, rats given Aϩ drank more of B than those given AϪ. Subsequent experiments found that alternating but not blocked preexposure to A and B, when given prior to training, produced blocking of B whether Aϩ was given before or after ABϩ, suggesting that prior failures to observe backward blocking reflect failures of discrimination.
In recent years, comparative psychologists have become increasingly interested in causality judgment in humans, partly because of its formal similarity to Pavlovian conditioning but also because of certain challenges research in this area has provided for associative theories of learning (Baker & Mercier, 1989; Dickinson, Shanks, & Evenden, 1984; Van Hamme & Wasserman, 1994) . Causality judgments can show a variety of selective learning effects that accord well with associative analyses, such as blocking (Kamin, 1969) , that is, the observation that pretraining one conditioned stimulus (CS) reduces conditioning to a second CS when the two stimuli are reinforced in compound. Nevertheless, causality judgments also show effects that have been argued to lie outside the range of associative theories. Chief among these is retrospective revaluation, that is, the observation that humans are able to revalue the relative causal status of an event when given further information about the effect associated with other, competing causes (Chapman, 1991; Shanks, 1985) . For example, in experiments assessing backward blocking, a procedure in which the compound and single-cue training phases are reversed, researchers have established that, after compound conditioning, reinforcing an element of the compound can cause human subjects retroactively to discount the causal efficacy of the other, unpresented element of the compound (Shanks, 1985) .
Standard associative analyses of selective learning are difficult to apply to retrospective revaluation. Generally, associative theories (e.g., see Rescorla & Wagner, 1972) simply have not been formulated in a way that allows them to predict changes in the associative strength of a stimulus in the absence of the presentation of that stimulus, because they assume that only cues actually presented on a trial change their associative strength. Any temptation to alter this assumption must first, however, take into consideration the fact that retrospective revaluation has proven difficult to observe in the experimental situations that encouraged the development of associative models. Backward blocking, for example, is difficult to observe in rats or other animals with the use of standard conditioning parameters (cf. Nakajima & Kawai, 1997 , for a review). Nevertheless, recent attempts have been made to encompass retrospective revaluation within associative theory. Van Hamme and Wasserman (1994) proposed, for example, that absent cues have a negative associability (i.e., a so-called negative alpha), a change that results in reductions in the associative strength of cues when they are absent on trials involving the unconditioned stimulus (US) and in incrementing that associative strength on trials when the US is absent. This account has the merit of demonstrating that retrospective revaluation is not, in principle, an insoluble problem for associative theories. Even so, it has required refinement. For example, it has been variously pointed out that the notion of negative associability makes little psycho-logical sense and, at the very least, requires a nonarbitrary rule that, a priori, sets some limit on the events to which it should be applied (Chapman, 1991; Dickinson & Burke, 1996; Markman, 1989; Tassoni, 1995) . This has resulted in the suggestion that only absent cues that share strong within-compound associations with cues presented on a trial-and so that are otherwise expected on the basis of those cues-should be revalued in this way, and there is now very good experimental support for this proposal.
For example, Dickinson and Burke (1996) developed a withinsubjects protocol to study both forward and backward blocking in two groups of human subjects. One group, group consistent, was trained so that the same two CSs were always presented together during the compound training phase. In a second group, group varied, although two CSs were always presented in compound during this phase, the elements that composed that compound changed over trials. As a consequence, whereas group consistent should have developed strong within-compound associations during the compound training phase, group varied should not have done so. On test, group consistent showed clear evidence of blocking in both the forward and backward conditions. In contrast, although group varied showed good evidence of blocking in the forward condition, no blocking was observed in the backward condition. Hence, reinforcing one element of a previously reinforced compound was found retrospectively to revalue the associative strength of the other element of the compound, but only if the presented element could consistently retrieve that other element through a within-compound association.
Although this finding is consistent with Van Hamme and Wasserman's (1994) position, Dickinson and Burke (1996) proposed an important alternative interpretation based on Wagner's (1981) sometimes opponent process (SOP) theory of Pavlovian conditioning. In this view, the elements of a stimulus representation can be activated into one of three states: Either the elements are inactive, I; their presentation is unexpected and so they are activated into an A1 state; or their presentation is expected and they are activated into an A2 state. Wagner claimed that when the representations of two events are both activated into an A1 state, then an excitatory association between them is strengthened. When the event representations are activated into different states-for example, if Event 1 is in A1 and Event 2 is in A2-then an inhibitory connection from Event 1 to Event 2 is strengthened. As Wagner envisaged it, however, the opponent or inhibitory connection emerged only when the CS elements were in A1 and the US elements were in A2. What Dickinson and Burke recognized was that, with a little modification, Wagner's account had the potential to provide an associative account of retrospective revaluation. They suggested two specific modifications to SOP: (a) that inhibitory connections are strengthened whenever the CS or the US elements are in different states (either A1or A2), and (b) that excitatory connections can be strengthened between elements whenever they are in the same state, whether in A1 or A2. Modified SOP (or MSOP) also emphasizes within-compound associations to explain retrospective revaluation; after compound training, presenting one element of the compound and pairing it with the US will result in the activation of the other element of the compound into A2 and so in the strengthening of an inhibitory connection between that element and the US. Presenting one element of the compound nonreinforced will result in the activation of both the other element of the compound and the US into A2 and so in an excitatory connection between that element and the US. Neither of these changes should be anticipated in the absence of strong withincompound associations between the events presented during compound conditioning. Dickinson and Burke's (1996) demonstration that the formation of within-compound associations is critical for demonstrations of retrospective inference in human causality judgment also suggests that procedures that have been found to generate particularly strong within-compound associations should be more likely to generate retrospective revaluation in other species, notably rodents. Some of the strongest evidence for the formation of withincompound associations in rats has come from studies that have used exposure to compounds made of multiple taste or taste and flavor elements (Davis, Best, & Grover, 1988; Forbes & Holland, 1985; Rescorla & Cunningham, 1978; Rescorla & Durlach, 1981) . As such, in this series of experiments we sought evidence of retrospective revaluation using a taste preference paradigm in rats, comparing the blocking of preferences conditioned to flavors paired with sucrose produced in forward and backward blocking protocols.
Experiment 1
The design of Experiment 1 is presented in Table 1 . In this experiment, we used four groups of rats, two groups in each of two conditions-a forward blocking condition and a backward blocking condition. Rats in the forward condition were given exposure to an orange or a lemon-lime flavor (Flavors A and B) either mixed in solution with sucrose (group forward ϩ [FWDϩ]) or with water (group forward Ϫ [FWDϪ]). In Phase 2, rats in both groups were exposed to both the orange and the lemon-lime flavors mixed together in solution with sucrose, after which their consumption of the flavor to which they were not exposed in Phase 1 was assessed in a test phase. Rats in the backward condition were given exactly the same treatment as those in the forward groups, except that Phases 1 and 2 were reversed. Thus, after exposure to the lemonlime and orange compound in sucrose during Phase 1, the rats were divided into two groups, one that received one of the two flavors in solution with sucrose (group BWDϩ) and the other that received this flavor mixed in tap water (group BWDϪ). To ensure that contact with the various fruit flavors used as stimuli in this experiment was comparable across the various treatments, we deprived the rats of water during Phases 1 and 2 of the experiment. It has been well documented that taste preferences based on calorific expectancies can be enhanced by food deprivation (Fedorchak & Bolles, 1987) , so rats were returned to free access to water but deprived of food for a 23-hr period prior to the test.
On the basis of previous reports (e.g., Holder, 1991), we expected that the pretraining of a taste preference to one element of the compound in Phase 1 would serve to block the acquisition of a preference to the other element during compound conditioning in Phase 2 in the forward blocking groups. Hence, we anticipated that the rats in group FWDϩ would consume less of the target solution on test than would the rats in group FWDϪ. In the backward condition, to the extent that the compound flavor presentations in Phase 1 were successful in establishing strong within-compound associations, we made the same predictions as for the forward condition; that is, rats in group BWDϩ would consume less of the test solution than would rats in group BWDϪ, and for two reasons. On the basis of the MSOP account advanced by Dickinson and Burke (1996) , described above, we predicted that the within-compound association generated during contact with ABϩ in Phase 1 would allow Flavor A to activate the absent Flavor B into A2 during Phase 2 in both the BWDϩ and BWDϪ groups. In group BWDϩ, this would weaken the association between B and sugar and so reduce consumption of B on test in this group. In group BWDϪ, we predicted that presentation of A without sugar would increment excitation to B because both B and sugar are associates of A, and so both would be activated into A2. This would increase the consumption of Flavor B on test in this group and so generate the same pattern of results in the backward as in the forward condition.
Method
Subjects and apparatus. The experimental subjects were 32 LongEvans rats (16 male and 16 female) at least 110 days of age, derived from a breeding colony in the Department of Psychology at the University of California, Los Angeles (UCLA). The rats were singly housed in a temperature-and light-controlled vivarium on a 12-hr light-dark cycle (lights on at 7 a.m.). All training and testing took place in the home cage during the light cycle. In addition to food and water dispensers, each cage was equipped with a single graduated cylinder that was used to dispense the experimental solutions. For this experiment, two flavored solutions were used: orange-flavored and lemon-lime-flavored Kool-Aid. The flavors were mixed by adding one 2-g packet of Kool-Aid to either 1 L of tap water or 1 L of 20% sucrose solution (200 g/L), as appropriate. The compound solutions were composed of equal quantities of the two flavors that had first been mixed in the 20% sucrose solution.
Procedure. From 1 week prior to the experiment until the end of Phase 2, rats were placed on a water deprivation schedule. For the 1st week, they received access to water in the home cage for 1 hr each day. The water dispenser, usually attached to the rats' home cage, was removed, and water was presented in a graduated drinking tube. During Phases 1 and 2, the rats received 30-min access to water at least 2 hr after the conditioning sessions. Food was freely available throughout these phases of the experiment. For the acquisition phase, rats were divided into four groups (in each group, n ϭ 8). Two groups were used in the forward blocking procedure, and two groups were used in the backward blocking procedure.
Forward blocking. For 30 min on each of 3 days, 4 rats in each group received access to the orange-flavored solution, and 4 in each group received access to the lemon-lime-flavored solution. For one group, the flavor was added to a 20% sucrose solution (group FWDϩ), whereas for the second group, the flavor was added to tap water (group FWDϪ). In Phase 2, all of the rats in both groups received access to a mixture composed of 50% of the orange and lemon-lime flavors added to the 20% sucrose solution for 30 min on each of 3 days. After the final session in Phase 2, the rats were returned to free access to water but were deprived of food for 23 hr prior to a single 10-min consumption test conducted the next day. For the rats given the orange-flavored solution in Phase 1, the test was conducted on the lemon-lime solution. For rats given the lemon-lime solution in Phase 1, the test was conducted on the orange solution. Regardless of the solution presented, however, the flavor was dissolved in tap water. No sugar was added to any of the solutions.
Backward blocking. The procedure used for the backward blocking groups was the same as that described for the forward blocking groups, except that Phases 1 and 2 were reversed. Thus, on each of the first 3 days, all the rats in both backward blocking groups received access to a mixture of both the orange and lemon-lime flavors added to the 20% sucrose solution for 30 min. In Phase 2, 4 rats in each group received access to the orange-flavored solution and 4 to the lemon-lime-flavored solution for 30 min. For one group, the flavored solution was added to a solution of 20% sucrose (group BWDϩ), whereas for the second group, the flavor was added to water (group BWDϪ). Together with the rats in the forward condition, after the final session in Phase 2, all of the rats in groups BWDϩ and BWDϪ were given free access to water but were food deprived for 23 hr prior to the single 10-min consumption test conducted the next day. The rats given the orange-flavored solution in Phase 2 were tested on the lemon-lime solution, whereas the rats given the lemon-lime solution in Phase 2 were tested on the orange solution. Again, the appropriate flavor was dissolved in tap water for the test; no sugar was added to any of the solutions.
Results and Discussion
The acquisition phase in all four groups proceeded smoothly, and the amount of the solution consumed on each day of both phases did not differ between any of the four groups at any stage during either phase. The mean consumption during this and other pretest periods in these experiments is reported in Table 2 ( Ϯ1 standard deviation). Note. FWD ϭ forward blocking condition; BWD ϭ backward blocking condition; ALT ϭ alternating preexposure condition; BLK ϭ blocked preexposure condition; A and B ϭ flavors; ϩ ϭ sucrose solution; Ϫ ϭ water.
The results from the critical consumption test are presented in Figure 1 . A clear difference emerged between the groups in the forward blocking condition; the rats in group FWDϩ consumed less of the test solution than did the rats in group FWDϪ. In contrast, the reverse effect was observed in the backward blocking groups; that is, the rats in group BWDϩ appeared to consume more of the test solution than did the rats in group BWDϪ. This description was confirmed by the statistical analysis. A two-way analysis of variance (ANOVA) was conducted with factors of condition, separating consumption in the forward and backward blocking conditions, and with factors of group, separating consumption in the groups given the single flavor in sucrose (groups FWDϩ and BWDϩ) from those given that flavor in water (groups FWDϪ and BWDϪ). This analysis revealed neither a main effect of condition nor of group (Fs Ͻ 1) but found a reliable Condition ϫ Group interaction, F(1, 28) ϭ 12.5, p Ͻ .05. Simple effects analysis conducted on this interaction revealed that test consumption in group FWDϩ was significantly less than that in group FWDϪ, F(1, 28) ϭ 8.2, p Ͻ .05, whereas test consumption in group BWDϩ was significantly greater than that in group BWDϪ,
The results of Experiment 1 are clear. In the forward condition, as predicted, blocking was observed: The rats in group FWDϩ consumed less of Solution B on test than did the rats in group FWDϪ. In contrast, the results from the backward condition were the opposite of those predicted on the basis of MSOP. The rats in group BWDϩ, given exposure first to a compound of the A and B flavors with sucrose and then exposure to A alone in sucrose, did not appear to reduce their preference for Flavor B. Nor did the rats in group BWDϪ, given exposure to the AB compound in sucrose then exposure to A alone, appear to increase their preference for Flavor B. Rather, the rats in group BWDϩ reliably increased their consumption of Flavor B on test relative to the rats in group BWDϪ.
Although this result is troubling for the associative approach derived from Dickinson and Burke's (1996) finding, the failure to find evidence of retrospective revaluation in this study is not particularly surprising. Indeed, at least in rats, the pattern of results in Experiment 1 has been commonly observed across a broad range of conditioning preparations: in conditioned suppression (Schweitzer & Green, 1982) ; in appetitive, serial compound conditioning (Holland & Ross, 1981) ; in taste-context conditioning (Best, Batson, Meachum, Brown, & Ringer, 1985) ; in taste-odor compound conditioning (J. S. Miller, McCoy, Kelley, & Bardo, 1986) ; and in taste-aversion conditioning (Nakajima & Kawai, 1997; Speers, Gillan, & Rescorla, 1980) . Results such as these are usually reported as evidence of mediated conditioning (cf. Hall, 1996; Holland, 1983) , an effect that has been studied extensively and that has been argued to have an associative structure that directly opposes that proposed by models of retrospective revaluation (e.g., Dickinson & Burke, 1996; Van Hamme & Wasserman, 1994) . Mediated conditioning, it is commonly claimed, provides evidence that within-compound associations allow one element of a compound subsequently to retrieve the other. But when it does so, the retrieved cue is thought to function as if it were actually presented, and its relationship with any presented US is incremented and with any absent US is decremented accordingly (cf. McLaren & Mackintosh, 2000 , for a discussion). As things stand, therefore, there is a rather severe conflict in the literature between the way representations of CSs are thought to operate when they are retrieved or activated by another CS through a withincompound association. In Experiments 2 and 3 in this series, we address this conflict by testing a potential explanation for the failure to find evidence of retrospective revaluation in Experiment 1.
Experiment 2
One of the features of the procedures used in Experiment 1 that could have resulted in mediated conditioning rather than in retrospective revaluation in the backward condition was the presentation of a mixture of orange and lemon-lime flavors in Phase 1 of Note. FWD ϭ forward blocking condition; BWD ϭ backward blocking condition; ALT ϭ alternating preexposure condition; BLK ϭ blocked preexposure condition.
the experiment. Although we were hoping, by this treatment, to encourage the formation of strong within-compound associations, it is possible that mixing these flavors together encouraged the formation of a unique configuration of these elements (cf. Williams, Sagness, & McPhee, 1994 , for a similar account of failures to observe retrospective inference in humans). If the presentation of one element of this configuration in Phase 2 allowed the effects of either the reinforcement or nonreinforcement of that element to generalize to a configural cue established during Phase 1, then, and in a manner consistent with configural theories of conditioning (e.g., Pearce, 1994) , this generalization could have provided the basis for a similar change in performance to other elements of the compound rather than the opposing change predicted by associative accounts of retrospective revaluation (e.g., Dickinson & Burke, 1996; Van Hamme & Wasserman, 1994) . This is because, on test, presentation of the other element of the compound should retrieve the configural cue and, hence, any effects that reinforcement or nonreinforcement had on that cue during Phase 2. On this account, therefore, the failure to observe retrospective revaluation in the backward condition of Experiment 1 was due to enhanced generalization between the flavor elements of the compound mediated by the formation of a configuration between these elements during the compound conditioning phase. It has long been recognized that the ability to perceive two events as independent causes of an effect requires first that they be perceived as distinct events (Anderson, 1960) , and as such, any treatment that enhances the differentiation of two events (i.e., that reduces generalization between them) should be predicted to enhance retrospective revaluation. In this context it is of interest that in a number of studies, researchers have found evidence that nonreinforced preexposure to similar events can increase the ability of animals to distinguish between them, an effect referred to as perceptual learning. For example, in rats, intermixed preexposure to both sucrose-lemon and saline-lemon solutions has been found to reduce the degree to which an aversion conditioned to one of these solutions generalizes to the other, compared with rats that did not receive this preexposure (Mackintosh, Kaye, & Bennett, 1991) . If presentation of the lemon-lime and orange solutions in compound with sucrose in Phase 1 of the backward condition in Experiment 1 increased the likelihood that a treatment applied to one element of the compound would generalize to the other, then given the evidence for perceptual learning, it is possible that preexposure to the two elements of the compound would reduce this generalization and so increase the likelihood of observing retrospective revaluation.
The design of Experiment 2 is presented in Table 1 . This experiment was essentially the same as Experiment 1, except that all of the rats were deprived of water and first given 10 days of preexposure to the lemon-lime-and orange-flavored solutions (i.e., the A and B stimuli), to be used subsequently in the forward and backward conditions during the conditioning phases. Both solutions were preexposed once each day, with one solution exposed in the morning and the other in the evening. It is worth noting that previous studies of perceptual learning have all tended to increase the similarity of the two compounds to be discriminated by adding elements that they share in common; for example, in Mackintosh et al.'s (1991) study, lemon flavor was added to the sucrose and saline tastes. We did not think it necessary to add further common elements to the orange and lemon-lime Kool-Aid flavors, however, for the simple reason that the commercial powders from which these flavored solutions are made already contained a substantial quantity of citric acid, rendering them essentially orange plus citric acid and lemon-lime plus citric acid.
If generalization between the Kool-Aid flavors used in Experiment 1 was the primary reason for failing to observe retrospective revaluation in that study, and if our use of a perceptual learning procedure successfully reduced generalization between them, then we predicted that in the backward condition-and in direct contrast to the results of Experiment 1-the rats in group BWDϩ would consume less of the test solution than would the rats in group BDWϪ. Similarly, because forward blocking is diminished by any tendency of the rats to generalize between the pretrained and added elements of the compound, we predicted that, if anything, preexposure would increase the difference between groups FWDϩ and FWDϪ observed in Experiment 1. Hence, if the perceptual learning treatment is effective, we predicted blocking in both the forward and backward conditions, with the rats in both the FWDϩ and BWDϩ groups consuming less of the test solution than would the rats in the FWDϪ and BWDϪ groups.
Method
Subjects and apparatus. The experimental subjects were 32 LongEvans rats (16 male and 16 female) at least 110 days of age, derived from a breeding colony in the Department of Psychology at UCLA. The rats were housed, trained, and tested under the same conditions as described in Experiment 1.
Procedure. The procedures used in Experiment 2 were the same as those described in Experiment 1 except for the following details. After a week spent adjusting to the water-deprivation schedule, all rats were given 10 days of alternating preexposure to the orange and lemon-lime flavors dissolved in tap water. All rats were given two 30-min exposure sessions each day, one in the morning and a second in the afternoon. For all rats, the flavors were alternated on each day (either orange in the morning and lemon-lime in the afternoon or vice versa), and the flavor presented first on each day was varied in a pseudorandom manner across subjects according to an ABBABAABAB order.
After this preexposure phase, the rats were divided into four groups (in each group, n ϭ 8), two groups for the forward blocking condition (groups FWDϩ and FWDϪ) and two for the backward blocking condition (groups BWDϩ and BWDϪ). The procedures for Phases 1 and 2 of the forward and backward blocking conditions and for the test session were exactly as described in Experiment 1. Again, after Phase 2 all of the rats were given free access to water and were food deprived for 23 hr prior to the 10-min consumption test conducted the next day.
Results and Discussion
The acquisition phase in all four groups proceeded smoothly. Again, the amount of the solutions consumed did not differ between any of the groups during any of the pretest phases (see Table  2 ). The results from the consumption test are presented in Figure  2 . It is clear from this figure that, as was observed in Experiment 1, the rats in group FWDϩ drank less on test than did the rats in group FWDϪ, a result indicative of blocking in this conditioning. More important, and in contrast to the effect observed in the backward blocking condition of Experiment 1, this same effect was observed in the backward blocking groups; that is, the rats in group BWDϩ now clearly consumed less of the test solution than did the rats in group BWDϪ.
As in Experiment 1, a two-way ANOVA was conducted with factors of condition, separating consumption in the forward and backward blocking groups, and of group, separating consumption in the groups given the single flavor paired with sucrose (groups FWDϩ and BWDϩ) from those given the single flavor in water (groups FWDϪ and BWDϪ). This analysis revealed a main effect of group, F(1, 28) ϭ 17.6, p Ͻ .05, but found neither an effect of condition (F Ͻ 1) nor a Condition ϫ Group interaction, F(1, 28) ϭ 1.55, p Ͼ .05. Furthermore, simple effects analyses established that consumption on test was reliably reduced in group FWDϩ relative to group FWDϪ, F(1, 28) ϭ 14.81, p Ͻ .05, and in group BWDϩ relative to group BWDϪ, F(1, 28) ϭ 4.36, p Ͻ .05.
This experiment supports the argument that our failure to observe retrospective revaluation in Experiment 1 was due, at least in part, to generalization between the flavors used in that experiment. Generally, it appears that when steps were taken to reduce the tendency of the rats to generalize between the orange and lemonlime solutions through the use of a perceptual learning treatment, evidence of retrospective revaluation, rather than of mediated conditioning, emerged; that is, rats given access to Flavors A and B reinforced in compound consumed less of B if they were first given A reinforced than if they were given A nonreinforced. This suggests that the rats were able to revalue the preference conditioned to B after compound phase appropriately on the basis of reinforced or nonreinforced exposure to A.
Experiment 3
Although it appears likely that the effect of preexposure to the flavors observed in Experiment 2 was mediated by reduced generalization, it is possible that this effect was secondary to some other process. For example, it is well known that preexposure to a CS can retard subsequent conditioning of that CS, an effect referred to as latent inhibition (Lubow & Moore, 1959) . It is possible that the preexposure phase in Experiment 2 retarded the acquisition of an excitatory connection between the two flavors during subsequent compound training or, alternatively, as has previously been argued (e.g., McLaren, Kaye, & Mackintosh, 1989) , that it acted to retard conditioning to the features common to the two flavors.
Latent inhibition has, however, often been reported to be context specific (Channel & Hall, 1983 ) and so should have been markedly reduced by the state shift from thirsty to hungry between Phase 2 and the test phase in the current experiments. Furthermore, it is important to note that perceptual learning effects have been found to emerge more reliably if animals are given alternating preexposure to the two stimuli. Preexposing two stimuli in blocks-that is, giving all of the exposure to one stimulus before giving any exposure to the other stimulus-although sometimes effective (Alonso & Hall, 1999; del Carmen Sanjuan, Alonso, & Nelson, 2004) , has been reported to be less effective in reducing generalization (Honey, Bateson, & Horn, 1994; Symonds & Hall, 1995) . The importance of this result lies in the fact that it indicates that at least some component of perceptual learning is not due simply to stimulus familiarity or latent inhibition.
In Experiment 3, therefore, we contrasted the effects of alternating preexposure with blocked preexposure to two flavors given prior to conditioning in the backward condition described in Experiments 1 and 2. The design of this experiment is again presented in Table 1 . If the results of Experiment 2 are replicable, then we predicted a backward blocking effect after alternating preexposure; that is, the rats in group alternating preexposure ϩ (ALTϩ) would consume less of the test solution than would the rats in group alternating preexposure Ϫ (ALTϪ). Furthermore, if mere exposure to the two solutions is responsible for this effect, then we anticipated the same effect after blocked preexposure; that is, the rats in group blocked preexposure ϩ (BLKϩ) would consume less of the test solution than would the rats in group blocked preexposure Ϫ (BLKϪ). If, however, the retrospective revaluation observed in Experiment 2 reflected a reduction in generalization between the flavors, given that alternating preexposure is more effective than blocked preexposure in reducing that generalization, we predicted that blocking in the ALTϩ and ALTϪ groups would be greater than that observed in the BLKϩ and BLKϪ groups. Indeed, if the blocked preexposure proved to be completely ineffective in altering the generalization between cues, we predicted mediated conditioning rather than retrospective revaluation in the blocked groups; that is, the rats in group BLKϩ would consume more of the test solution than would the rats in group BLKϪ, as was observed between groups BWDϩ and BWDϪ in Experiment 1.
Method
Subjects and apparatus. The experimental subjects were 64 LongEvans rats (32 male and 32 female) at least 110 days of age, derived from a breeding colony in the Department of Psychology, UCLA. The rats were housed, trained, and tested under the same conditions as described in Experiment 1. This experiment was conducted in two replications. In the first replication, the two flavored solutions were orange and lemon-lime Kool-Aid, whereas due to a shortage at the supermarket, in the second replication the Kool-Aid flavors were mandarin and black cherry. In both replications the flavors were mixed either in tap water or in a 20% sucrose solution (200 g/L), as previously described.
Procedure. The procedures used in Experiment 3 were the same as those described in Experiments 1 and 2 except for the following details. Prior to the start of the experiment, all of the rats were water deprived and given 10 days of preexposure to both of the unsweetened Kool-Aid flavors dissolved in tap water. For half of the rats, that is, for the rats in groups ALTϩ and ALTϪ, preexposure was conducted exactly as described in Experiment 2; that is, they were given two 30-min exposure sessions each day, one in the morning and a second in the afternoon, with the flavors alternated on each day (e.g., either orange in the morning and lemon-lime in the afternoon or vice versa). The flavor presented first on each day was varied in a pseudorandom manner across subjects according to an ABBA-BAABAB order. For the remaining rats, that is, for the rats in groups BLKϩ and BLKϪ, preexposure was given in two blocks of 5 days, with first one and then the other flavor preexposed; that is, one flavor was given twice per day for 5 days, after which the second flavor was given. Which flavor was presented first was counterbalanced across subjects in both replications.
After this preexposure phase, blocking between the two flavors was assessed in the backward condition used in Experiments 1 and 2. Two groups of rats in each of the alternating and blocked preexposure conditions were used, and each of these was first exposed to the ABϩ compound (two flavors in sucrose solution), after which, in Phase 2, one group was exposed to Aϩ (groups ALTϩ and BLKϩ, i.e., to one or the other flavor presented in sucrose solution), whereas the other group was exposed to AϪ (groups ALTϪ and BLKϪ, i.e., one or the other flavor presented in tap water). In Phases 1 and 2, all rats were given an additional 30-min exposure to water in their home cages at least 2 hr after the consumption sessions. After Phase 2, all of the rats were given free access to water and were food deprived for 23 hr prior to the 10-min consumption test conducted the next day.
Results and Discussion
The preexposure and acquisition phases again proceeded smoothly. As in the previous experiments in this series, water deprivation ensured that the amount of the solution consumed on each day of the pretest phases did not differ between any of the groups (see Table 2 ). The results from the consumption test are presented in Figure 3 . It is clear from this figure that, as was observed in Experiment 2, retrospective revaluation was generated in the groups given alternating preexposure to the solutions used subsequently in the backward blocking condition; that is, the rats in group ALTϩ consumed less of the test solution than did the rats in group ALTϪ. More important, and in contrast to this retrospective effect, this same effect was not observed in the backward blocking groups given blocked preexposure to the solutions. Indeed, it appears from the figure that the effect of generalization observed in Experiment 1 was observed in these groups; that is, the rats in group BLKϩ appeared to consume more of the test solution than did the rats in group BLKϪ.
A two-way ANOVA was conducted with factors of preexposure, separating consumption in the alternating and blocked preexposure groups, and of group, separating consumption in the groups given the single flavor paired with sucrose (groups ALT ϩ and BLKϩ) from those given the single flavor in water (groups ALTϪ and BLKϪ). This analysis revealed neither an effect of group nor of preexposure (both Fs Ͻ 1) but found a significant Preexposure ϫ Group interaction, F(1, 60) ϭ 12.0, p Ͻ .05. Simple effects analysis conducted on the significant interaction revealed that test consumption in group ALTϩ was significantly less than in group ALTϪ, F(1, 60) ϭ 6.8, p Ͻ .05, whereas consumption in group BLKϩ was significantly greater than in group BLKϪ, F(1, 60) ϭ 5.2, p Ͻ .05.
The results of Experiment 3 replicate and extend those of Experiment 2. Again, alternating preexposure to the flavors used in the backward condition was sufficient to reveal retrospective revaluation; reinforced exposure to one element of a previously reinforced compound reduced consumption of the other element of that compound, whereas nonreinforced exposure to one element of the compound had the reverse effect, resulting in the rats in group ALTϩ consuming less on test than did the rats in group ALTϪ. This result was, however, observed only after alternating preexposure. Retrospective revaluation was not observed after blocked preexposure. Instead, groups BLKϩ and BLKϪ appeared to show mediated conditioning; that is, reinforced exposure to one element of a previously reinforced compound increased consumption of the other element of that compound in group BLKϩ, whereas nonreinforced exposure to that element reduced consumption in group BLKϪ.
General Discussion
On the basis of evidence that retrospective revaluation in humans depends on the formation of strong within-compound associations (Dickinson & Burke, 1996) , in this series of experiments we examined retrospective revaluation in rats using a procedure that reportedly produces strong within-compound associations in that species, that is, the presentation of two flavors in compound (e.g., Rescorla & Cunningham, 1978) with the use of a flavor preference conditioning protocol. In Experiment 1, we compared the ability of a preference conditioned to one flavor to block conditioning of a preference to a second (added) flavor using standard forward blocking and backward blocking protocols. Although evidence of blocking was obtained in the forward condition, in the backward condition we found that, after compound conditioning, reinforcing one element of the compound enhanced rather than reduced the preference conditioned to the other element-a result consistent with reports of mediated conditioning (e.g., Hall, 1996; Holland, 1983 ).
An explanation for the failure to observe retrospective revaluation in Experiment 1 was framed in terms of generalization between the flavors in the backward condition. Perhaps the presentation of two flavors in solution with sucrose during Phase 1 encouraged the rats to generalize the reinforcement (group BWDϩ) and nonreinforcement (group BWDϪ) treatments applied to one flavor of the compound during Phase 2 to the other flavor. On this account, any treatment that reduces generalization should, correspondingly, increase the likelihood of observing retrospective revaluation, a prediction that we tested in Experiment 2 using a perceptual learning pretreatment. Alternating preexposure to two flavors has been reported to reduce the generalization of tasteaversion learning from one flavor to another (Mackintosh et al., 1991) . And, indeed, in Experiment 2, after a period of alternating preexposure to the two flavors, we found evidence of retrospective revaluation in the backward condition; that is, reinforcing one flavor after compound conditioning reduced the preference for the other flavor, whereas nonreinforcement of one of the flavors increased the preference for the other flavor. Furthermore, preexposure appeared to generate a similar blocking effect in both the forward and backward conditions in Experiment 2; the perceptual learning pretreatment did not appear to affect the blocking observed in Experiment 1 in the forward condition.
One explanation for the effects of preexposure on generalization between two stimuli has been formulated in terms of differential latent inhibition to the unique and the common features of the preexposed stimuli (cf. McLaren & Mackintosh, 2000) . On this account, the fact that the common features are exposed twice as often as the unique features ensures that, during conditioning, the unique features are more strongly associated with the US; a reduction in generalization to the other stimulus ensues as a consequence. The literature on perceptual learning identifies two sources of generalization that could be affected by preexposure, however; one nonassociative source based on the similarity between two stimuli, that is, on the features that they share in common, and one associative source derived from within-compound associations formed when the stimuli are presented in compound (Hall, 2001) . In fact, the results of Experiment 3 suggest that the latter source of generalization is more important for the effects observed in Experiment 1 and that it is mitigated by alternating preexposure in Experiment 2. In Experiment 3, alternating preexposure to the two flavors subsequently presented in compound during Phase 1 was sufficient to generate retrospective revaluation, whereas blocked preexposure to the two flavors was not; indeed, in the latter case we observed a similar mediated conditioning effect to that of Experiment 1. Clearly, as has been argued previously (Symonds & Hall, 1995) , blocked preexposure should be as effective as alternating exposure in generating latent inhibition to the features that the two flavors share in common. The failure to observe any obvious benefit from blocked preexposure in Experiment 3 suggests, therefore, that the generalization between the flavors, and hence the failure to observe retrospective revaluation in Experiment 1, was not mediated by common elements but by withincompound associations formed during the compound conditioning phase.
McLaren and Mackintosh (2000) and Hall (2003) have both proposed accounts of perceptual learning that are based on the formation of within-compound associations between the common (i.e., X) and unique elements of two compounds (i.e., A and B) during preexposure and that can, therefore, provide an explanation for the effects of alternating preexposure in Experiment 3. McLaren and Mackintosh suggested that after exposure to AX and BX, X can retrieve the representation of the absent Stimulus B on AX trials and the absent Stimulus A on BX trials. As a consequence, on, say, AX trials, the A units will be externally activated and the B units internally activated, a condition that they proposed allows the formation of an inhibitory association between the A and B elements. Indeed, there is good evidence for the formation of inhibitory associations of this kind during nonreinforced preexposure treatments with the use of both summation and retardation tests of inhibition (e.g., Artigas, Chamizo, & Peris, 2001; Dwyer, Bennett, & Mackintosh, 2001; Dwyer & Mackintosh, 2002; Espinet, González, & Balleine, 2004; Espinet, Iraola, Bennett, & Mackintosh, 1995) . Hall (2003) has advanced an alternative account based on his reworking of differentiation theory (Gibson, 1969) . Although this position also relies on the fact that exposure to alternating presentations of AX and BX results in the formation of within-compound associations between A and X and between B and X, it differs in what it sees as the effects of these associations. From Hall's perspective, retrieval of the absent B on AX trials increments the perceptual effectiveness of B relative to X on BX trials and, likewise, of A relative to X on AX trials. Subsequently, in the presence of A or B, because X is relatively ineffectual it receives relatively little processing during the conditioning of AX and so is only weakly associated with the US. In contrast, after blocked preexposure, there is less interference with the conditioning of X by A (or B), with the result that these common features are more strongly associated with the US than in the alternating case, and as a consequence, more generalization accrues to BX after conditioning to AX. Evidence consistent with unique predictions from this position has also been reported (see Hall, 2003 , for a review). In the current study, however, there is really no need to choose between these theories. Both views are capable of explaining why alternating rather than blocked preexposure should reduce the tendency to form excitatory associations between the flavors in Experiments 2 and 3.
The emphasis of these theories of perceptual learning on associative sources of generalization seems to imply that any treatment that enhances the distinctiveness of stimuli will increase the likelihood of observing retrospective revaluation, whether that treatment is applied to rat or human subjects (Hall, Mitchell, Graham, & Lavis, 2003) . It has, for example, been well established that generalization between stimuli can be increased if they are paired with a common consequence or US, an effect referred to as acquired equivalence (Hall, 1996; N. E. Miller & Dollard, 1941) , and that this effect can be abolished by training stimuli with distinct outcomes, that is, by acquired distinctiveness training (cf. Hall, 1996) . Although the effect of these treatments on retrospective revaluation has not been systematically assessed, some recent data suggest that equivalence and distinctiveness treatments might well promote mediated conditioning and retrospective revaluation, respectively. For example, R. R. Miller and colleagues (Denniston, Miller, & Matute, 1996; have reported evidence of retrospective revaluation in rats using a sensory preconditioning design during the compound and single element conditioning phases, that is, using stimuli that predicted consequences that lacked the biological significance of standard USs. It is quite possible that this procedure was effective precisely because a potent source of equivalence, the emotional effects of the US, was not presented during the compound phase. R. R. Miller and colleagues (Denniston, Miller, & Matute, 1996; have argued that low biological significance is a necessary condition for a stimulus to be vulnerable to retrospective revaluation. The generality of that interpretation is, however, directly contradicted by the current findings; here we found clear evidence of retrospective revaluation of flavor prefer-ences using a procedure that relied on the biological significance of the stimuli to expose the rats to the flavor stimuli.
R. R. Miller and colleagues' (Denniston et al., 1996; hypothesis was devised in an attempt to account for the apparently distinct propensities of humans and other animals to engage in a process of retrospective revaluation. From their perspective, this difference is a product of the disproportionate use of motivationally significant scenarios in animals that are likely to encourage relatively conservative causal judgments. After all, if a stimulus has once been paired with a lifethreatening event, it makes good sense to remain wary of that event no matter in what circumstances it is encountered in the future. Our rejection of this hypothesis would, however, appear to raise afresh the question of why humans and other animals have different propensities for retrospective inference.
Generally, it is our claim that the source of this difference lies more with the experimental procedures typically used than with distinct propensities or capacities. Indeed, consistent with this claim is evidence suggesting that the procedures used in experiments on causality judgment in human subjects tend to use scenarios that encourage the subjects to treat stimuli presented in compound as, at least potentially, independent causes of an effect. For example, Williams et al. (1994) reported evidence that, when a scenario was used that encouraged human subjects to configure the cues used in a backward blocking study, they no longer showed evidence of retrospective revaluation. Backward blocking emerged, however, when they were first trained on a problem requiring an elemental solution but did not emerge when the subjects were first trained on a patterning problem that encouraged configuring the cues presented in compound. As has been carefully documented (e.g., Shanks, Charles, Darby, & Azmi, 1998) , humans can generate configurations of cues, and when they do so, it appears that they are less willing to engage processes of retrospective inference. This can be attenuated by pretraining (Williams et al., 1994) or by using instructions that encourage the subjects to treat the elements of a compound as members of distinct categories and, hence, as potentially independent causes (Lovibond, 2003; Williams et al., 1994 ).
An issue often addressed within the literature on retrospective revaluation is whether, after exposure to ABϩ, revaluation is driven by exposure to Aϩ or to AϪ. Any general account of retrospective inference would, when applied to the current experiments, localize the source of the differences in consumption within both the reinforced and nonreinforced groups. This account would claim that, as a consequence of Aϩ training, the BWDϩ and ALTϩ groups reduced their judgment of the causal efficacy of B, whereas correspondingly, the BWDϪand ALTϪ groups increased their judgment of B on the basis of AϪ trials. It is possible, however, that one of these effects predominated. The claim should be made, on a blocking analysis of these data, that the reinforced presentations of A were critical to the difference between the groups, a claim for which there is some evidence (e.g., Denniston et al., 1996) . Nevertheless, there is evidence from experiments in humans suggesting, to the contrary, that it is the AϪ treatment that is relatively more effective (Larkin, Aitken, & Dickinson, 1998) . Whether one or both processes were responsible for the effects observed in this study is, however, somewhat beside the point; whatever the source of retrospective revaluation, the current results provide clear evidence that rats can indeed retrospectively revalue the predictive status of cues when they are first encouraged to treat those cues as independent causes. Of course, to be able to perceive two events as independent causes of an effect, one needs to be able to perceive them as different events. In studies of human learning, the use of real-world scenarios that incorporate familiar stimuli may help to ensure that this is true. For rats and other animals, however, and particularly in studies of causal reasoning, it appears we may need to take additional steps to ensure that this is true for them too.
